Investigation of the humidity influence on optical properties of chitosan thin films by spectroscopic ellipsometry  by Kolchinskiy, V.A. et al.
Physics Procedia 23 (2012) 110 – 114
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of Publication Committee of ASCO-NANOMAT 2011 
and Far Eastern Federal University (FEFU)
doi:10.1016/j.phpro.2012.01.028
Physics
Procedia
          Physics Procedia  00 (2011) 000–000 
www.elsevier.com/locate/procedia
Asian School-Conference on Physics and Technology of Nanostructured Materials 
(ASCO-NANOMAT 2011) 
Investigation of the humidity influence on optical properties 
of chitosan thin films by spectroscopic ellipsometry 
V.A. Kolchinskiya,*, S.S. Voznesenskiya, S.Y. Bratskayab,
A.Y. Mironenkob, A.V. Nepomnyaschiya
aInstitute for Automation and Control Processes of FEB RAS, 5 Radio St., Vladivostok, 690041, Russia 
bInstute of Chemistry of FEB RAS, 159 Prosp. 100-letiya Vladivostoka, Vladivostok, 690022, Russia 
Abstract 
This work is devoted to the theoretical analysis of the inverse problem of ellipsometry. This problem for many years 
remained one of the most important tasks in the study of thin films while interest in the ellipsometric measurements 
stimulated by the possibility of obtaining planar fiber structures of various shapes and finding new materials, 
technologies and applications. This paper presents a theoretical apparatus for solving the inverse problem of 
ellipsometry, various methods of determining the optical parameters of the investigated thin films.  Experimentally 
various samples of chitosan thin films on glass substrate were investigated by spectroscopic ellipsometer “Ellipse 
1891 SAG” using the developed mathematical models. As it was revealed, a jump of refraction indexes at various 
humidity in the measured environment was observed, that does the given material perspective for creation on its basis 
of new planar optical waveguides in the future. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Guest Editors of 
Physics Procedia, Publication Committee of ASCO-NANOMAT 2011 
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1. Introduction 
Currently the share of natural polymers in the total consumption of polymeric materials is continuously 
increasing due to their unique complex of properties.  And if it is impossible to imagine industry of the 
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twentieth century without the natural polysaccharides such as cellulose, the twenty-first century material 
may be chitin and its derivatives.  A prerequisite is that chitin is the second most abundant polysaccharide 
in nature with a renewable resource after cellulose[1]. Chitosan, a product of deacetylation of chitin, is 
extremely promising polymer. 
Fig.1. Molecular structure of Chitosan 
It is already widely used at present due to such properties as non-toxicity, biocompatibility with the 
tissues of living organisms, the ability to dispose of nature through biodegradation [2]. Chitosan, as 
hydrocolloids, may itself hold water [3].  The purpose of this paper is to study the humidity influence on 
the refractive index dependence from the wavelength of the chitosan films by spectroscopic ellipsometry. 
Ellipsometry is a polarization-optical method for investigating surfaces and interfaces of various 
media, based on studying changes in the polarization state of light after its interaction with the surface of 
the interface of these media [4]. Any ellipsometric investigation consists of the following steps: 
measurement; the choice of optical model to describe the object of investigation; definition of the 
parameters of the optical model; establishing a connection between optical model parameters and physical 
characteristics of the object [5]. Inverse problem of ellipsometry (IPoE) is defined as finding all or some 
of the parameters reflecting the system measured at one or more angles of incidence by the ellipsometric 
parameters ǻ and Ȍ. In the present project spectroscopic ellipsometer "Ellipse 1891-SAG” (Novosibirsk, 
Russia) with included supplied software «Spectr» was used for investigation optical properties of the 
samples. “Spectr” successfully deal with the IPoE for the known materials described in the annexed 
library. However, investigated samples of chitosan thin films are unique and not attached to the library 
materials, respectively, high accuracy cannot be achieved. Therefore, for a better understanding of the 
principle of ellipsometry and to verify the results of the calculation of optical parameters of the samples 
received with the provided ellipsometer software “Spectr”, a mathematical model of the optical medium 
was developed. It allows determining all the interesting optical properties of the films using the 
established algorithm for solving the inverse problem of ellipsometry [6]. 
2. Mathematical model  
We investigated samples of chitosan thin films of neutral and acidic types, formed on a reference glass 
sample. The obtained dependence of the refractive index of the wavelength of that reference glass was 
entered in the data library of spectroscopic ellipsometry software as a substrate material for further studies 
of the samples. 
Let us consider more in detail a mathematical model for solving the inverse problem of ellipsometry. 
In order to solve the inverse problem, it is convenient to use the matrix method of calculation, because it 
is universal for both single-layer reflective optical systems, and for the multilayer. To solve the inverse 
problem it is necessary to record the dependence of the ellipsometric angles on the wavelength, which 
data can be obtained directly by measuring the spectral ellipsometer with software Spectr. 
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We can introduce the refractive matrix j-th interface 
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where Fresnel coefficients 
)1( jjr  and )1( jjt  can be calculated  for both types of polarization on the 
assumption that the j-th interface is formed by two semi-infinite media j-1 and j, and the light propagates 
from the j-th environment to (j-1)th (Figure 2). 
Fig.2. By the definition of the generalized Fresnel coefficient 
When passing through the j-th layer, positive and negative waves of light regardless of the 
polarization gain the phase shift 
jE according to the equation: 
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where d – the thickness of investigated thin film. Thus, we need to know the thickness of the investigated 
film. Then we introduce the phase matrix of j-th layer 
jF , establishing a connection between tangential 
components of E vector forward and backward waves at the internal borders of the j-th layer: 
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Introduce scattering matrix of a multilayer system: 
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(4) 
and then, we can calculate the Fresnel reflection coefficients to write the basic equation of ellipsometry 
[7].
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Finally it remains unknown refractive index of the film, whose dependence on wavelength must be 
found to solve the IPoE. The final step is to find the optical parameters. The fact is that until now always 
appear in the calculations required an unknown complex refractive index, which can divide the real and 
imaginary parts. Since we know angle of incidence on the sample surface, then refraction angles in the 
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The difference in the sorption properties of various ionic forms of chitosan is because chitosan salt 
form corresponds more  –OH-groups, contrast to the neutral form. 
In the first section (5% - 65%) hydrogen bonds with water molecules from the primary centers of 
absorption of the film (the amino and hydroxyl groups of chitosan) is formed  .The second section (65-
90%) corresponds to the clusters growth formed on the absorption of the primary centers, which leads to a 
sharp increase in the absorbance values and, consequently, a decrease in the refractive index of the film 
Figure 3 (a,b) presents the results of comparison plots of the refractive index of the wavelength 
obtained at different humidity in an isolated chamber. 
According to the results of calculations for solving the inverse problem, plots of the refractive index 
and absorption of the wavelength were constructed, which compare with experimental data shows the 
correctness of the construction of mathematical models of semi-infinite medium, single and multi-
reflector systems. 
5. Conclusions 
The results of an investigation of two ionic forms of chitosan are considered. The results can be useful 
in further prospecting and creating new materials, methods and solving problems of integrated optics and 
its applications in related fields of science. 
References 
[1] Skryabin KG, Vikhoreva GA.  Chitin and chitosan (Preparation, Properties and Application). Moscow: Nauka; 2002. 
[2] Sandford PA, Skjakbraek G, Anthonsen T.  Chitin and Chitosan. London : Elsevier; 1989. 
[3] Bykova VM, Nemtsev SV. Raw material sources and methods for producing chitin and chitosan. In: Chemistry and 
Technology of Polymers. Moscow: Nauka, 2002.  
[4] Fujiwara H. Spectroscopic Ellipsometry: Principles and Applications. Chichester: John Wiley & Sons Ltd; 2007. 
[5] Tompkins HG, McGahan WA. Spectroscopic Ellipsometry and Reflectometry: A User's Guide. New York: William Andrew 
Publishing; 1999. 
[6]  Kolchinskiy VA. Solving the inverse problem of ellipsometry for investigation optical properties of thin films. Proceedings 
for Tenth International Young Scholars’ Forum of the Asia-Pacific Region Countries, 2010: 50-54. 
[7] Gromov VK. Introduction to Ellipsometry. Leningrad: University of Leningrad Publishing; 1986: 64-71. 
